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£
The Saturn Block I Dynamic Test Vehicle (SA-D1) was subjected to
lateral, torsional, and longitudinal bending mode tests. Transfer
functions, relating sensor output to shaker force input, were obtained
to aid the Astrionics Division in the design of vehicle control system
networks.

The report contains bending mode shapes and frequencies with damp-
ing factors associated with each mode.

Tests were performed at five separate weight conditions as follows:
Lift-off, 10 seconds, 35 seconds, Q max, and Cut-off.

Test results indicate a factor of six exists between engine control
frequency and the lowest vehicle bending frequency, thus minimizing the
possibility of severe engine-vehicle coupling.
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SUMMARY

The Saturn Block I Dynamic Test Vehicle (SA-D1) was subjected to a
ground vibration survey in the simulated free-free condition. Transfer
fuiictions obtained were used to aid the Astrionics Division in the design
of control system networks.,

Lateral bending mode frequencies increased from 2.20 cps, the
Lift-off first mode, to near 12 cps, the Q max third mode. A great deal
of interaction and coupling was derived from separate outer tank bending
mode frequencies which at Q max (flight condition corresponding to max
dynamic pressure) obscured the second bending mode entirely. First
torsional bending mode increased from 5.69 cps at Lift-off to 7.91 cps at
Cut-off. All frequencies found are sufficiently above the expected
control frequency.

Damping factors obtained averaged "g" - 2.40 percent.

SECTION I. INTRODUCTION

The Saturn Block I Dynamic Test Vehicle (SA-D1) is a full scale
prototype of SA-1, NASA's first Saturn Flight Test Vehicle, The vehicle
consists of a 75-foot booster (S~I) composed of a 105-in. diameter center
LOX tank encircled by eight 70-in. diameter alternating fuel and LOX con-
tainers. Mounted aft of the containers and through the thrust frame
section are eight liquid rocket engines rated at 165,000 1b thrust each.
Forward of the booster and second stage adapter are two dummy stages,
S-IV and S-V respectively, containing water ballast tanks representing
the correct weight, center of gravity and moment of inertia of future
powered upper stages., The most forward portion of the vehicle is an
instrument compartment and a dummy payload making the entire vehicle



163 ft long, weighing 305,614 1b empty and 933,730 1lbs at Lift-off.
FIGURE 9 shows a comparison of the variation in weight and center of
gravity between SA-1 and SA-D1 versus flight time.

The purpose of the experimental vibration program is to excite the
vehicle through a frequency range sufficient to determine the significant
free-free lateral, torsional and longitudinal mode shapes, frequencies,
and associated damping coefficients. Knowledge of these i required
because of their effects on the vehicle control stabilizing networks.

In cooperation with Flight Dynamics personnel in the Astrionics
Division, transfer functions were obtained for the first three bending
modes and the first torsional mode expressing amplitude and phase of
rate gyro outputs at four locations versus lateral force input at the
engine gimbal plane,

Five vehicle conditions were tested to obtain the variation of
bending frequencies during powered flight., Flight time conditions tested
are as follows:

T = 0 (Lift-off)

T = 10 seconds

35 seconds

=3
]

T = 63 seconds (Q max)
T = 119 seconds (Cut-off)

The tanks were filled with deionized water and the correct weight
was simulated within 3 percent at each flight time mentioned.

SECTION IT. DESCRIPTION

A. TEST SETUP

To simulate a free-free condition the vehicle was suspended in the
Dynamic Test Stand, shown in the photograph, FIGURE 2. The suspension
system consisted of cables running upward from the outrigger points
located in the tail section of the vehicle through a group of twelve
springs to a hydraulic cylinder fastened at the 72-ft level of the tower.
Eight hydraulic cylinders were used to raise the vehicle clear of its
hold-down structure, a distance of approximately 1-1/4 inches. See the
photographs, FIGURES 3, 4, and 5 and the drawing in FIGURE 1. FIGURE
4 shows the new lower suspension link developed during the test program.
The new connecting link has only 1/5 the weight of the original connect-
ing link, but because of its late introduction into the test program, only
the 10-second and Empty time conditions were tested with it. The springs




present in each of the eight suspension assemblies provided a relatively
soft suspension system having a total maximum lateral spring rate of
626#/in. and a total vertical spring rate of 625,5004#/1in.

Calculations done prior to the test showed that a ratio of at least
20 to 1 existed between expected first bending mode frequencies and the
rigid body translational frequency of the vehicle and suspension system.
This ratio was satisfactory, because normally an attempt is made to keep
the ratio at 10 to 1 or greater. However; the rigid body rocking
frequency of the vehicle about its center of gravity proved to be some-
what higher, thus lowering the ratio of separation. 1In order to keep
the ratio as high as possible, the suspension was varied along with the
various time points tested.

First bending mode frequency to rocking frequency ratios determined
during lateral tests are listed in Table I, below.

TABIE I
IDE PITCH YAW
L. O. 6.41 7.20
.10 sec. 6.96 7.63
35 sec. 8.02 " 8.56
Q max 11.55 9.12
Empty 6.70 6.08

The rigid body rotational frequency to first torsional mode ratio
was satisfactory and remained above 20 to 1 for all torsional tests
performed.

This ratio for the longitudinal test conducted was 5.16 to 1. This
value is low because it is in direct line of the spring suspension system
and when considering the large mass involved, the ratio is rather good.

The sketch shown in FIGURE 10 gives a description of the seven
variations in suspension used for all test results included in this
report. This sketch also shows the two principal planes of excitation,
namely, the yaw plane and the pitch plane + 225° referred to as the
pitch plane throughout the report.



B. INSTRUMENTATION AND CONTROL

Instrumentation used on previous vibration tests was composed of
velocity pickups, having natural frequency of 6 cps, mounted on the
vehicle in critical locations and roving pickups were used to establish
nodal points. Their use in this test was prohibited because of the
frequency range in which the major portion of the investigation was
carried out, namely, 0 - 10 cps.

Strain gage bridge type, one "G", accelerometers were used with
reasonable success during this test. The amplitude ratio of the
calibrating accelerometer and a typical test accelerometer was equal to
1.0 (flat response) up to 10 cps; above this the ratio varied between
1.05 and 0.95 at 15 cps, or 1.0 and 0.90 at 20 cps. The phase lag
equalled 30 degrees at 12 cps. Sufficient calibration data was available
to correct original test data for these effects. The majority of testing
was done at less than 10 cps, at "G" levels between 0.1 and 0.5 G's
vector. Accelerometer outputs were put through amplifier and associated
galvanometers and read on two direct writing oscillographs, shown in the
photograph, FIGURE 6.

Power to drive the shakers was supplied from a 40-ampere amplidyne
generator modified to deliver constant current with an increased response
time for operation in the frequency range of O - 15 cps and an electronic
power amplifier for use above 15 cps.

A system of four shakers was available for use in determining
lateral and torsional mode shapes. Each new time condition was invest~
igated using two or three shakers, depending on the mode in question, at
300 to 400 1b vector each; and by varying the phase of the shakers,
mode shapes were established.

Original mode shape studies were followed by transfer function
determinations during which either the 1500-1b shaker or two 500-lb
long stroke shakers, located at the gimbal plane, were operated at force
levels of approximately 1000 1b vector. The 1500-1b shaker and the two
500 -1b shakers were used in the pitch and yaw planes, respectively. The
photograph in FIGURE 7 shows the 1500-1b shaker in the center and one of
the 500-1b shakers on the left.

The two 500-1b shakers were operated out of phase for torsional
tests and in phase beneath the Fin I and II outriggers for the long-
itudinal tests performed.

Resonant frequencies were determined, during these runs, with rate
gyro and armature current output on an oscilloscope. The rate gyro was
used in preference to an accelerometer because it has no appreciable
phase lag below 25 cps. The bending mode diagrams presented in this
report were taken from these runs.




The frequency response curves shown were obtained from incremental
sweeps run through the first bending mode. Increments of 0.01 ¥,002 cps
were converted to the period (T) in seconds, and during a sweep, an
electronic counter was used to establish periods within the required
tolerance. Usually, sweeps were limited to a bandwidth of one cycle.

C. TEST RESULTS

1. General. The most distinct mode shapes, taken with the softest
suspension system, are shown plotted on an outline of the vehicle in
FIGURES 16 - 77. The curves coordinates are "G'" (peak to peak) versus
vehicle station and pickup location. Node points are marked on the left
of the station ordinates. Mode shapes of the outer tanks instrumented
are shown adjacent to the primary structural mode.

A comparison of SA-D1, Langley model and single beam theoretical
mode shapes and frequencies is made for first and second bending modes
at the Lift-off, Q max, and Empty flight time conditions. These data
are plotted on the corresponding SA-D1 mode shape in FIGURES 16, 21, 38,
40, 43, and 44,

The first bending mode shapes agree closely from the three sources;
however, theoretical first bending frequencies are lower than both SA-D1
and Langley. There exists considerable difference in the second bending
mode shapes, with both Langley and the theoretical showing notably more
response than SA-D1. It is suspected that outboard engine activity
throughout this frequency range may be causing this difference in response,
which is representative of the flight vehicle. The second bending
frequency values have less percent differenge than the first mode values,
with the theoretical second bending values being lowest.

The Langley model exhibits a characteristic second bending at the
Q max time condition, while the SA-D1 mode shape shows the outer tanks
out of phase with the primary structure. Test results indicate the
outer propellant tanks of the Langley model have greater stiffness than
those in SA-D1.

FIGURE 8 shows how lateral bending frequencies vary with increasing
flight time. Table II gives a comparison of lateral resonant frequencies
obtained with hard and soft suspension systems and torsional resonant
frequencies obtained with a soft suspension system.

An experimental indication of the effect of vehicle suspension
stiffness on the true free-free first bending resonant frequency is
given by FIGURE 15. In one case the vehicle (first stage empty) was sus-
pended from four suspension points producing a restoring moment of

3.15 x 107 in. - #/radian. The corresponding first bending resonant
frequency was 3.12 cps. 1In the other case the restoring moment was
.538 x 109 in. - #/radian with a corresponding first bending resonant

frequency of 2.95 cps.
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Both these frequency values were obtained with the modified 1light-
weight suspension system, and due to the fact that no interference was
obtained from suspension cable '"string'" resonances in either case, the
change in frequencies obtained was due almost entirely to change in
stiffness. With the foregoing assumption, the true free-free first
bending frequency can be deduced as follows:

since (D g (_IS_) %
' M

dK
d = 9%
W, 2(k1) %

or, for small changes in (W, and K

AW, NAX
This relation is plotted in FIGURE 15 yielding 2.93 for the true free-
free first bending frequency as against 2.95 obtained with the soft

spring restoring system.

2. Lateral Tests

a. First Bending Modes. In general, the primary mode shapes
are considerably affected by coupling of the outer tanks with the vehicle
when their individual resonant frequencies occur near one another. More
specifically the first bending mode shapes in Figures 16, 24, 46, and 53
show there are no uncoupled first bending mode shapes at the Lift-off and
10 seconds flight time conditions. In each case there is either an
outer LOX or outer fuel tank out of phase with the center tank. These
modes were chosen because they are the lowest vehicle resonance found in
each series. First bending modes at Q max and Empty are clean normal
modes with all measured outer tanks in phase with the center tank. The
first bending mode at the 35 seconds time condition, shown in FIGURE 32,
appears relatively clean; however, its decay curve exhibits an abnormally
high value for structural damping. The frequency response diagram in
FIGURE 13 shows a resonant peak whose response is only one-half combined
with a band width twice that of other time conditions plotted, and
explains the occurrence of the high structural damping factor. The broad
band resonant peak is maintained by closely coupled outer tank resonance
and places the first bending mode at 35 seconds in a class with the Lift-
off and 10 seconds first bending modes. FIGURES 11 - 15 are frequency
response diagrams for the five time conditions tested, and show the
relative amplitude of the primary structure and outer tanks obtained
from incremental sweeps through the first vehicle resonance. These
response curves aid and substantiate results determined from the mode
shape diagrams, and show that the clean resonant peaks for Q max and
Empty are unique, and degenerate into more complex form with increasing
tank fullness.



FIGURE 11 is the frequency response curve for the first mode at
Lift-off. This mode was peaked at 2.20 cps with the rate gyro, for the
mode shape shown in FIGURE 16, while fuel and LOX tank individual first
bending modes were established at 2.21 cps and 2.32 cps, respectively.

The response curve shows the first bending mode at 2.17 cps and slightly
higher at 2.18 cps is the only outer LOX tank resonance within this range.
The fuel tank resonance, when coupled with the vehicle shows up at 2.28 cps.
These are followed by weaker outer tank resonances between 2.4 and

2.44 cps with the next strongest resonance at 2.85 cps, the LOX tank in
resonance in the tangential direction. Fuel tank tangential was not
monitored during this sweep. The 10 seconds response curve, see FIGURE

12, is equally, if not more, complex than that found at Lift-off,

b. Cluster Modes. Cluster modes are apparent between the
first and second bending modes at Lift-off, 10 seconds, 35 seconds, and
Q max., The first cluster mode is distinguished by having only one node
on the primary structure with all outer tanks measured out of phase with
the center tank. The second cluster mode shows the characteristic second
bending mode on the primary structure; however, in pitch, the outer LOX
tank #1 and outer fuel tank #1 are in phase with the center tank, but
outer fuel tank #4 is out of phase. In the yaw plane, outer LOX tank
#4 and outer fuel tank #4 are in phase with the center tank but outer
fuel tank #1 is out of phase, Frequency flight time curves, shown in
FIGURE 8, shows the slope of the cluster mode curves increasing rapidly
toward the second vehicle mode line causing complex mode coupling in the
vicinity of the high end of the cluster mode curves, with the consequence
that no second bending mode was found at the Q max condition. The
resonant point closest to second bending at the Q max condition was found
at 7.83 cps, but by definition, is a second cluster mode.

c. Second Bending Modes and Engines. All second bending
modes, excluding the Q max time condition, are strong, clean modes, and
in general, have low structural damping factors.

The outboard engine cantilever resonant frequencies were increased
from around 6 cps to 9.0 and 8.3 cps in the pitch and yaw planes,
respectively, by bracing the actuator support arms befere overall vehicle
tests began. Because it was impossible to increase engine resonance above
10 cps or out of the suspected critical frequency range, highly damped
hydraulic control valves were placed in the engine control system to dampen
or limit response peaks and cause wide resonant peaks in this frequency
range. However, when coupled with vehicle resonances, engine resonances,
at some degree of buildup, are found anywhere between 6 and 10.6 cps.

This frequency range covers the majority of second bending frequencies;
and diagrams of the second bending modes for Lift-off and 35 seconds in
the pitch plane and Lift-off, 10 seconds, and 35 seconds in the yaw
plane show a reversal of the mode shape below the lowest node point.
This effect is attributed to strong out of phase motion of the englnes
acting as mechanical dampers.




d. Higher Bending Modes. The frequency rarge from 9 to 12 cps
is complicated by outer tank second bending resonances for the Lift-off,
10 seconds, and 35 seconds flight time conditions. Between 11.5 to 12 cps
the top section, from Station 1700 forward, has a strong partial canti-
lever resonance; and vehicle resonances existing in this frequency range,
namely, 35 seconds and Q max third bending modes, tend to couple with the
top section resonance (see FIGURES 37 and 42). This frequency is very
easily excited and is found riding on lower multiple frequencies of 2,

3, and 4 cps,making records difficult to read, thus influencing amplitude
and damping values taken from multiple and beating record traces. Mode
shapes in the frequency range from 9 - 12 cps are divided into engine and
third bending modes with variations of each, depending on outer tank
activity.

3. Torsional Vibration Tests

a. First Torsional Modes. The first torsional mode shapes for
Lift-off, 35 seconds, and Empty are shown in FIGURES 75 through 77,
respectively. Each has a single node within the S-I stage, with the
outer tanks in phase with the primary structure.

b. Cluster Modes. The first mode is followed by a cluster
mode that is characterized in a manner similar to those found in lateral
tests. There is no node on the primary structure and tangential pickups
on the outer tanks show them out of phase with the primary structure.
This type mode is found in the Lift-off and 35 seconds time conditions.

c. Cluster and Engine Modes. This mode is exhibited in the
Lift-off and 35 seconds time condition and consists of the primary
structure and outer fuel tanks being in phase while the outer LOX tanks
and outboard engines are out of phase. The engine response in these
modes is very strong. In the Q max condition, the lower cluster mode
frequency has increased into the higher frequency range, and this
condition results in a coupling of the lower cluster mode with the
engines with very weak response of the primary structure.

Higher resonant points, up to 13 cps, consist of outer tank
second bending modes for heavy conditions and outer tank first bending
modes for the Empty condition. There are no resonant frequencies between
7.91 cps and 14.22 cps in the Empty condition.

Cluster and engine modes are accompanied by high values of structural
damping, which is discussed in Section II,
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4. Longitudinal Test

A brief longitudinal test was made using two 500-1b shakers
mounted beneath outriggers on Fins I and ITII. The vehicle was at the
10 seconds weight condition, and a rigid body bouncing frequency was
found at 1.61 cps. Two longitudinal modes were found, the first at
8.32 cps and the second at 11.1 cps. The 8.32 cps looks like a first
mode with a node at Station 1140, but the 11.1 cps frequency also has
only one node located at Station 1300. Because of the extreme time
1imit placed on this phase, it was impossible to instrument the vehicle
sufficiently to identify the higher mode. It is suspected, however, that
the outboard engines in cantilever motion may be out of phase with the
base of the vehicle to give a second node at the 11.1 cps frequency,
giving a second mode and a cause for the higher forward node point.
Structural damping (g) equaled 8.5 percent and 1.5 percent on the first
and second frequency, respectively.

5. Structural Damping

Structural damping factors (g = ZQ) were determined experimentally
by the logarithmic decrement method. Bamping values obtained are
listed in Table III

As seen in Table III, the trend for damping is to decrease with
increasing bending modes. The values are not consistent enough to make
any statement of change with increasing tank fullness. The cluster
modes show a decrease in damping from the first to the second.

Values used to obtain damping factors were taken from records of
the forwardmost pickups unless their output was unsatisfactory$ then
values were taken from pickups located on another component that was in
resonance, generally outer LOX or fuel tanks. The forwardmost pickups
give a representative damping factor for the entire vehicle, but this is
not necessarily true for outer tank locations.

Damping factors were obtained from all pickup locations on two
first bending records, one for Lift-off in the pitch plane and the other
for Lift-off in the yaw plane} the average "g'" value compared with '"g"
from the top pickup is as follows:

Structure Damping Factor %g = 2 é% x 100

Average P.U. #35
Pitch Plane 2.52 2.71

Yaw Plane 4.13 4.41
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Because structural damping is proportional to displacement, damping
factors were determined from the first ten cycles after armature current
cut-off so damping from separate runs would be comparable. Various
influences present that might cause the damping factors listed in Table
TII to vary from the expected trends are as follows:

a. First and third modes already mentioned with regard to
outer tank coupling, whether it be first or second bending in the outer
tanks, have higher damping factors than would be expected if they were
pure modes.

b. The second bending modes, in general clean modes, are
affected by engine resonances which increase or decrease damping factors,
depending upon the phase relation of the engines with respect to the tail
of the vehicle. The phase angle can vary from 0 to 180° depending upon
what part of the engine resonance curves the mode frequency coincides
with,

The decrease in damping factor with increasing bending mode is due
mainly to the decrease in amplitude associated with higher modes. The
decrease in damping from first to second cluster mode is caused by
decreased relative motion in the outer tanks in the second cluster mode.

The general increase in damping factor from the pitch plane to yaw
plane is due in part to larger amplitudes of vibration caused by longer
stroke shakers, but also due to the geometry of outer tanks along the
two different planes of vibration. The pitch plane is the more rigid
because of the symmetric location of outer LOX tanks.

Fluid movement (slosh) increases vehicle structural damping factors.
Structural damping factors appear to decrease in outer propellant tanks
when slosh frequencies and outer tank frequencies couple. The fluid
movement supplies the energy to drive the tank after shaker cut-off,
resulting in oscillograph records that show a very low rate of oscillation
decay.

Damping values of the first torsional mode are comparable to those
in lateral tests, except for the Empty condition. Cluster and engine
modes are very highly damped,which is a characteristic of the engines and
due to an increased relative motion of outer tanks in the torsional
direction. The torsional test subjected connecting pins in the forward
end of the fuel tank to motion in line with them as opposed to perpendi-
cular to a line through them in radial excitation causing the increase
in relative motion during torsional tests.
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6. Cable Resonances

Cable resonances became annoying when they occurred near vehicle
bending resonances. This was first noticed Empty with four point
suspension and again at Q max with 8 point suspension; however, valid
data was obtained for Q max using four point suspension. Cable resonances
occurred again intermittently at the three other time conditions,depend-
ing on the suspension system used. Usually the softest suspension for
35 seconds, 10 seconds, and Lift-off raised the tension in four of the
cable assemblies so that their resonances occurred between the first
bending and first cluster modes. However, it was necessary to raise
the cable assembly frequency, so a new lower link was designed that uses
only one suspension cable and weighs only 1/5 the amount of the original
lower connection link. This decrease in effective cable mass and increase
in cable tension raised cable frequencies again. As explained earlier,
the 10-second and Empty conditions, the two conditions felt to be most
affected by cables, were rerun with the new suspension links providing
reliable test results from the five time conditions tested.

Cable resonance is not expected to be a problem in SA-D5 dynamic
tests and is explained in the Appendix.

SECTION III. CONCLUSIONS AND RECOMMENDATIONS

A frequency spectrum would show no resonant bending frequencies
below 2 cps, thus leaving approximately a factor of 6 between the Lift-
off first lateral mode and the expected vehicle control system frequency.
First torsional modes start at 5.69 cps and altogether have a higher
average damping factor than lateral modes. These two factors indicate
that torsional modes have little effect on control problems.

Tank slosh frequencies are present in the range of the control
system frequency; however, slosh baffles, present in the tanks, limit
slosh buildup effectively, and the slosh frequencies increase with
increase in longitudinal acceleration.

Generally speaking, lateral damping factors decrease with increasing
bending mode and cluster mode frequency. The average lateral damping
factor obtained during the test is '"g" 2.4 percent. Average “g" values
from torsional tests are 4.36 percent.

Use of the new lower connecting link raised bending frequencies
approximately 1 percent because of the large weight decrease near the
tail of the vehicle and because of the increased resonant frequency of
the cable assemblies.
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Resonant frequencies obtained, using the softest suspension allow-
able in each case, are estimated to be very close to actual free-free
conditions by extrapolation of results obtained with hard and soft
suspensions. The 0.67 percent difference, shown in the report for the
Empty condition, would not increase above a maximum of 5 percent differ-
ence for the Lift-off conditionm.

Efforts should be made to excite SA-D5 along the true pitch plane
rather than the pitch plane +22%° used in this test.

A possibly more refined suspension system, consisting of 6 degrees
of freedom fluid bearings, is under consideration for use with SA-D5
(Block II Configuration). If this system proves successful, it will
eliminate the necessity for avoiding cable resonances. It is felt that
the suspension system used for SA-Dl, bhowever, created no significant
errors, and with refinements made possible by the experience gained in
the SA-Dl program, can be very successfully utilized for SA-DS5.
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FIGURE 7. ELECTRO-DYNAMIC SHAKERS
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FIGURE 8. PITCH BENDING MODE FREQUENCIES VS. FLIGHT TIME




VEHICLE WEIGHT — LBS. x |10°

10

SA-D O0—0
SA-1 &6-—-A

100

o]
@
O

®
Qo
(@)

700

20 40 60 80 I00 120

FLIGHT TIME — SEC.
MTP-P&VE-S-62- 3
FIGURE 9. SA-D1 AND SA-1 WEIGHT AND CG VS. FLIGHT TIME

o
Q
o

VEHICLE C.G. AT STA- INS.

23



24

FINIL

ENG.IT

L3

FINIT
YAW SHAKER

F

PITCH 22l4°

+*
SHAKER  gNG.IT

4 mnnx

REFERENCE NO DESCRIPTION
I. HARD FOR PITCH & YAW‘J, L.0.,I0OSECS,& 35SECS
2.SOFT FOR PITCH, LO.,4OSECS & 35 SECS
2N. SEE NOTE |
3.SOFT FOR PITCH, EMPTY 8 Q MAX
3N SEE NOTE |
4 _HARD FOR PITCH, EMPTY & Q MAX

X

L2

ENGIT

Fl

FINIL
YAW SHAKER

L}

ENG.IX

Fa

CODE
8(0ODD-12S-IC & EVEN-125-2C)
8(ODD-4S-IC B EVEN- 125-2C)

e

4(EVEN - 125-2C)

4(0DD- 12S-1C)

6.SOFT FOR YAW, LO., 10 SECS, & 35 SECS 6 S EVEN ENOINES -125-2¢)
8.SOFT FOR YAW, Q MAX & EMPTY a(4 FiNs-125] VBN 5S¢

ODD -OUTRIGGERS I & II, ENGINES I & IT

EVEN-OUTRIGGERS I & IO0L  ENGINES II & I

S— SPRINGS IN INDIVIDUAL CLUSTER

C— CABLES

"NOTE: |
REFERENCE NUMBERS FOLLOWED BY (N) INDICATE
SUBSTITUTION OF THE NEW LOWER CONNECTING
LINES SHOWN [N FIGURE 5.
HAVE ONLY IC OR |

ALL (N) RUNS
CABLE.

MTP-P&VE-S-62-3

FIGURE 10. SUSPENSION AND SHAKER ORIENTATION




RELATIVE AMPLITUDE

/-nm.mo

asd
VEHICLE FREQUENCY RESPONSE CURVE
4 TANKS. LIFT-OFF
MODE %7 BENDING

FREQUENCY: 20-30 CPS
asd SUSPENSION" 2

A0t

32

o
&
-3
a o
a o
as © e
Noa
FUEL TANK FUEL TANK NOG.|
_ NO.J(RADIALY "\ (TANGENTIAL)

T ' ' ) ! 2 T s ! 26 28 23 T a0

FREQUENCY -CPS MTP-P&VE-S~62-3
FIGURE 11. VEHICLE FREQUENCY RESPONSE CURVES

25



RELATIVE AMPLITUDE

26

64
50 4
56 PAYLOAD ——=
1 VEHICLE FREQUENCY RESPONSE CURVE
52 TANKS - 10 SECS.

MODE - I'" BENDING
FREQUENCY - 2.0 - 3.0 CPS
SUSPENSION - 2

* \
3
44
4 o
40 3
q
FUEL TANK NO.J
36 1
bal | 9 A b
¥ r 1o
32
o

oy asn
o A\n [-3
LOX TANK NO.)
(RADIAL) cdp °

LOX TANK NO.I
(TANGENTIAL)

° AAREANRASSEEEEEsAnasRs|

20 Y Py AAPaaS PVRARARAN PARARE AR |.|v‘ T AARARR (ARARALE RARRSARER ™

FREQUENCY -CPS MTP-P&VE-S-62-3
FIGURE 12. VEHICLE FREQUENCY RESPONSE CURVES




RELATIVE AMPLITUDE

22

THIS BROAD RESOMANT PEAK CAUSES THE
EXTREME VALUE OF DAMPING GIVEN FOR TH™
FIRST MOOE, 35 SECS, PITCH, (FIGURE 21)

MODE

FREQUENCY :
SUSPENSION : 2

22-32Cp8

VEHICLE FREQUENCY RESPONSE CURVE

TANKS : 35 SECS
e

)6
e
a2
.:o TRaan!
o
.08 1 °
o6t
041
o S
021 M %9000
0000 Deoe
oz R A A R AR A Y R AR LS R AR 25 T mo 1 ar T e T
FREOUENCY -CPS MIP-P&VE-S-62-3
FIGURE 13. VEHICLE. FREQUENCY RESPNNSE CURVES



RELATIVE AMPLITUDE

28

8 8
VEHICLE FREQUENCY RESPONSE CURVE VEHICLE FREQUENCY RESPONSE CURVE
TANKS © Q MAX TANKS : EMPTY
MODE: 1¥" BENDING MODE : 197 BENDING
FREQUENCY - 2.74 - 3.04 CPS FREQUENCY: 2.8-3.28 CPS
SUSPENSION: SEE CURVES SUSPENSION 3N
DAMPING FACTOR (Q) 2.52%
7 7
SUSPENSION - 4
DAMPING FACTOR {{) 267%
.
6 4 &
SUSPENSION -2 1
. DAMPING FACTOR (g125%
o
5 s r
w
a
=4
=
3
a
F
<
w
41 2
: -
<
=l
w
13
3
2

O YrrrrrrrTTTT T

274 284

3R AR SV

SO T R SRR EE AN RRRARNRRRRARERE NN
28 29 1 30 31 32

314 33

FREQUENCY - CPS FREQUENCY - CPS

MTP-P&E-S-62-3
FIGURE 14. VEHICLE FREQUENCY RESPONSE CUVRES




29

_

3.0

b

MTP-P&VE- - 62-3

y ) T 71T 71

NSION

% W
) , ” ! gl X _ m
: i AMﬂrbrmm 4 ; ! !
I 4ttt : T S S E S S ] :
I | FCH NN -

FREE ~RREE|

m,
I
‘N
Z
; N ]
' : ! o : T W
u 4 i 1
H ! ! . ! (]
EEnEERLE e
: ; 1 L ; : et i ; RTH
: | : | m L M : ! o Bl i ; ‘o
; i N N et T et T T g T T T HZs
i 1 H - N N ~ M L. M N M
T I ] ] i
| O i B _ ” i M Lw, W a8 m
B R ! ' T =" +_.Ir!*1. ’ T X7 H
o 1 AN 18, S : | 15 418
ET T EST e
1 ! J ¢ ! . ! ; T { ! ' 15 !
. . 3 Lo R N O O O R " I R 1o L8l lLL
,_ LA 1 Pl | e T ] | 2 s
| i i , M A “ ol
4 T o + : ' N -
| HEREREENMIE " By ERRERE Ll 18
Ty O N I N} : + ! 1 ! f :
. . | ! _ " T . e ; :
; | ; ! : : ! : ! ) | i . | |
- e % A I s Ml A B et
4 X i ; _ . W ! : . " _ | | !
_ O 0 L O A R R
- 3o ! ——eb . L . O R SEENPOUNI S S . H
i ! _ “ ! m m ! ! : ! P i !
T T B P ' ’ : ' ' : : 1 ;
INNEREREE) p e L T e [T
| Hi ! ﬁ ! T : i I T M o
M , A B ; o OB 8 377 ! v M !
o St SN SR SRS [ S ” , o et EEE B =
e . | “ _ ; A T !

[ 4

EXTRAPOLATION 10 THE FREE-FREE FREQUENCY

FIGURE 15.



TANKS: LIFT-OFF
MODE: 1T BENDING

PITCH FREQUENCY: 2.20 CPS
DAMPING FACTOR (9)-2.62% @ 35
SUSPENSION: 2
MISSILE
STATIONS, INS. — PICK- UP NO'S
1-!95! 354
344
Ties4 FUEL TANK NO.4
! 33T  TANGENTIAL
+1735 — 327 )
34
29+
<1506 28+ 1
27+
CALCULATED
f=l44cps
1336 — 261
31319 ]
25t 58
) 234
57+
r—|J—4—+
p 2i J_:Z -1 [o] A 2
1979 ;
201 LOX TANK NO.I FUEL TANK NO.|
RADIAL RADIAL
1869 —— =
: -19
!
]
)
i
|
|
t
|
370
4189 i \
2197 L Bg| A \
T P
-0 @ LANGLEY TEST POINTS
— £ 2
-4 =3 -2 -1 0 1 2 3 4 9 =337%

ACCELERATION G'S (P-P)
(P=P) MTP-P&VE-S-62-3

FIGURE 16. LATERAL BENDING MODES (PITCH PLANE)




31

TANKS: LIFT OFF

MODE: FUEL TANK #=|

PITCH FREQUENCY: 2.31 CPS
DAMPING FACTOR (9)=4.03% @ 18
SUSPENSION: 2
MISSILE
STATIONS, INS.  PICK-UP NO'S
1951 s
1 344
1854 FUEL TANK NO.4
33+ TANGENTIAL
+-1735 N 324 60~
314
jris
~ 294
1506 281 459
274
264
41319 1
25l 58
~
|
. 231
L57 -
—t+——
2'_52 -1 [o] -t 2
1979
. 201 LOX TANK NO! FUEL TANK NO.i
lges = = sl RADIAL RADIAL
| 9T 19-/
i
! ad
i
1 8+ 18 +
i
J 3+
|
¥ 7 16 4+
359 24
1189 14 1e 115
| ———
o5 2032 LBS 1 141 ~2 =1 o0 4 2
(P-P) 2 =1 o0 1 .2
1o
——————t——
-4 -3 -2 -I o] 1 2 3 4

ACCELERATION G'S (P-P)

MTP-P&VE-S-62-3

FIGURE 17. LATERAL BENDING MODES (PITCH PLANE)



32

TANKS: LIFT-OFF
MODE: FUEL TANK % 4

FPITCH FREQUENCY: 2.915 CpS
DAMPING FACTOR (9)=2.51% @58
SUSPENSION: 2 '
MISSILE
STATIONS, INS. —PICK-UP NO'S
T 1951 354
344
T1854 FUEL TANK NO 4
: 33+  TANGENTIAL
41735 32 - 60
31
291
+1506 28 -
27
1374 —
° 264
11319 L
254
E
23 \
—+—
4 21 ik 0 A .2
+979
20+ LOX TANK NO| FUEL TANK NO.I
‘ RADIAL RADIAL
1869 — — 54
| 9 FIS
(81—
L8
¢ 3+
17
360 — 24
4189 J\i I+ 15
217 LBS ! 144 =0 4 2
(P-P) 2 1 0 1 .2
_Lo
—t—
-4 -3 -2 -l o u'2 3 4
ACCELERATION G'S (P-P) .
MTP-P&VE-S-62-3
FIGURE 18. LATERAL BENDING MODES (PITCH PLANE)




33

TANKS: LIFT-OFF
MODE: 1T CLUSTER

PITCH FREQUENCY: 4.02 CPS
DAMPING FACTOR (9)-2.62% @ 14
SUSPENSION: 2
MISSILE
STATIONS, INS. — PICK-UP NO'S
T1951 354
344
11854 FUEL TANK NO 4
331  TANGENTIAL
11735 321 50'7
314
1525— 294 1
1506 281 59
274
1319 2ér
254 T8
o
® 234 &
57
+——f
2142 1 0 42
4979 .
' 20+ LOX TANK NOI FUEL TANK NO.
.RADIAL RADIAL
869 T - s+ 5 'o
, 44
18
3+
, 16
2+
489 A J 1+ 15
! J
2016 LBS | ' 14l 4 0 4 .2
- (P-P) -2 -1 0 1 .2
J-O ® LANGLEY TEST POINTS
. I Il i + ! 3 i i f =3.76 cps
T T L) L T T L A |
4 -3 -2 -4 0 4 2 3 4 9 =188%
ACCELERATION G'S (P-P)
MTP-P&VE-S- 62- 3
FIGURE 19. LATERAL BENDING MODES (PITCH PLANE)



34

TANKS: LIFT-OFF °
MODE: 28 CLUSTER
PITCH FREQUENCY: 5.54 CPS
DAMPING FACTOR (9)=2.21% @ 35
SUSPENSION: |
MISSILE
STATIONS, INS.  PICK-UP NO'S
W—lgsl : 35J_
| 344
T'854 1 FUEL TANK NO. 4
' 33T  TANGENTIAL
+1735 32 4 601
!
314
|
' 294
+1506 | 59 -
1439 — 274
1319 ‘ 26
5l 58
° 234
! 57
i
1 p sy 2 w0 a2
4979 ; A
20+ LOX TANK NO! FUEL TANK NO.I
seo . RADIAL RADIAL
a ] 9 19
743 —
X 4+
| 18
3._
|
: +16
, | o1
2I9_:"189 14 s t
2070 LBS igL 2 =t 0 a4 .2
(P-P) ‘ -2 =t 0 4 .2
“O ’
—_ [l } Il i |- ] 4
r T L] T T T T T 1
-4 -3 -2 -I [o] A 2 3 4
ACCELERATION G'S (P-P)
MTP- P&VE-S-62-3
e e e e -
FIGURE 20. LATERAL BENDING MODES (PITCH PLANE)




TANKS: LIFT-OFF
MODE: 2M BENDING

PITCH FREQUENCY: 6.74 CpS
DAMPING FACTOR (9)=1.0% ® 35
SUSPENSION: |
MISSILE
STATIONS, INS. PICK-UP NO'S
QBSI 35<r
34+
854 FUEL TANK NO.4
LN 33T  TANGENTIAL
41735 S\ 32
N 31
0N
‘ ® 29+
41506 8.
27
N
26
+i319 | \ N |
. \ 254
\
. 123
| /
1 /
f [ ] / 21 4
+979 .
[ = 20+ LOX TANK NOI FUEL TANK NO.{
o ¢ 5| ~ RADIAL RADIAL
326—-89 — + 9_7 Ig_r
- {CALCULATED
[/ ! f=532¢cps
(N
AR 4r I
/2 !
+8 +18
3.-
\\
7 16
1\
\\ i 24 \
290— NN
N
189 , ) i+ 6+ 15+
i o ——t——
2079 : - 14+ -2 =i o] Jd 2
45 20T LEY ; bt
(P-P) -2 = 0 4. .2
Lo ® LANGLEY TEST POINTS
-ttt A o
-4 -.; ‘.; =l 0o . 3 4 9 =118 %
ACCELERATION G'S (P-P)

MTP-P&VE-S-62-3

FIGURE 21. LATERAL BENDING MODES (PITCH PLANE)



36

TANKS: LIFT-OFF

MODE: ¢ 382 BENDING OUTER TANKS 242 BENDING

PITCH FREQUENCY: 8.84 CPS
DAMPING FACTOR (9)=1L16% @48
SUSPENSION: i
MISSILE
STATIONS, INS. PICK-UP NO'S
1951 354_
344
Ti854 FUEL TANK NO.4
: 33T  TANGENTIAL
41735 32+ 'q
31+
l 29+
1506 281 59 1
274
1356 — 26+
11319
25+
234
+57
I S
1012 . a2 o 0 42
1979
20+ LOX TANK NO.I
RADIAL
+869 T T 5+ ﬁ'g
754
‘ 44
8-4.
3._
[ ]
324 ° 27
!
+189 i) 't
2031LBS X 1«;-L
T95 “5op) —t—t—t
-2 =l o] A 2
Lo
1 L i L i 1 i i ]
r T T T T Ll ) L L)
-4 =3 -2 ~-I o . 2 3 4
ACCELERATION G'S (P-P)

18 ‘>
7+ 16
+6
-2 42

|
=4 [o]

FUEL TANK NO.I
RADIAL

&9

MTP-P&VE-S-62-3

FIGURE 22.

LATERAL BENDING MODES (PITCH PLANE)




37

TANKS: LIFT-OFF
MODE: 382 BENDING; ENGINE

PITCH FREQUENCY: 9.19 Cps
DAMPING FACTOR (9)
SUSPENSION: |
MISSILE
STATIONS, INS. — PICK-UP NO'S
-[-IQSI a5l
344
T'854 FUEL TANK NO 4
331  TANGENTIAL
+1735 324 T 60
314
16014°
294
1506 \ 281 59 1
i 274
1319 267
1304 25l 58
234
157
——— S T
21 2 = (o] - .2
+979
20+ LOX TANK NO|I FUEL TANK NO |
| RADIAL RADIAL
""869 — T
B 5 \'rQ - 19
7374
4+
8 118
34
+7 16
319+ 2T
4189 . J 1+ -6 {4" 15
; ——
2063 L ' 144 -2 =l o a .2
495 B) Pt
(P-P) -2 =1 o0 1 .2
_J_O i 1
] .
-4 =3, -2 - o] N 2 3 4
ACCELERATION G'S (P-P)

MTP-P&VE-S-62-3

FIGURE 23. LATERAL BENDING MODES (PITCH PLANE)



38

TANKS: |0 SECS.
‘MODE: 14T BENDING

PITCH FREQUENCY: 2.39 CPS
DAMPING FACTOR (38 )=1.85% @32
SUSPENSION: 2N
MISSILE
STAT|ONS, INS. — PICK- UP No's
T 1951 st
[ 34+
T'854 FUEL TANK NO.4
331  TANGENTIAL
+1735 32+ 601
314
29+
11506 281
27+
1391 —
26+
+1319 .
25+
| 231
| '
I 2 -
i 21 ¥ -
+ 979 ,
— 20T LOX TANK NO| FUEL TANK NO|
Leso 5 RADIAL RADIAL
1 B or ) W
t
; 44
8+ 18 +
3+
7 16 +
367 \ 24
| /
4189 N I+ +6 +1i5
1 | }——+——t—+—i
! p -2 =l o} .1 2
Los l(sge_;plgav 14
L -2 -l [o] [} 2
Lo
L i 1 i 1 i 1 i 1
¥ L 1 4 T T T T 1
-4 =3 -2 -1 0 .1 2 3 4
ACCELERATION G'S (P-P)
, MTP-P&VE-S-62-3
FIGURE 24. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: 10 SECS.
MODE: FUEL TANK #4

PITCH FREQUENCY: 2.98 CpS
DAMPING FACTOR (9)=2.22% @35
SUSPENSION: 2N
MISSILE
3at
T'es4 FUEL TANK NO. 4
: 33+ TANGENTIAL
+1735 2+ 607
3 -
!
‘ 294
+1506
1476 28+
27
26
11319
25
l 234
i
| §
i 21 ¥
4979 .
20+  LOX TANK NO| FUEL TANK NO.|
66 5 RADIAL RADIAL
- . ] T 9+ 19 1
! 4l
8t ig +
3.-
420 — -7 16 4
24
| ~ /
+189 - i A I+ +6 T15
; —t—
! 144 -2 =l 0 J 2
Los 1961_3 LB ‘ N
(P-P) -2 =t o] A .2
Lo
L 1 i i i L 1 ] ]
T T L] T L] T T T Rl
-4 -3 -2 -4 0 4 2 3 a4 (4

ACCELERATION G'S (P-P)
MTP- P&VE-S-62-3

FIGURE 25. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: 10 SECS.
MODE: 18 CLUSTER

LITCH FREQUENCY: 4.04 CPS
DAMPING FACTOR (9 )=4.99% @ 35
SUSPENSION: 2N g
MISSILE ‘
STATIONS, INS. — PICK- UP No's
T'95! 3s]
' 34t
11854 FUEL TANK NO.4
33T  TANGENTIAL
+4-1735 324+ T60
: 1 3+
1588 —
294
+1506 28l 59
27+
1319 26y
254 587
{
|
+ 231 ‘
57
l——}—-—r—-‘r—'l
° 2'_;2 =l o U .2
4979
; 204+ .LOX TANK NO.I FUEL TANK NO.I
| s6s ‘:— —t——J s RADIAL RADIAL
I ] V 19
3 4t
8 8
‘ sl
J 7 16
2-—
4189 | 4+ 1-6 15
1936 LBS lal 2 -4 0 A .2
T95 o —t—t—
-2 =i (o] 1.2
Lo
L L Ll a .1 i i L 1 - |
L 1 T v 1 L] T LE 1 Al
-4 =3 -2 -1 0 I 2 3 4
ACCELERATION G'S (P-P)

MTP-P&VE-S-62-3

. FIGURE 26. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: 10 SECS.
MODE: 28 CLUSTER

PITCH FREQUENCY: 5.86 CPS
DAMPING FACTOR (9)-2.7% ® 35
SUSPENSION: 2N
MISSILE )
STATIONS, INS. _PICK-UP NO'S
11951 354
344
Ti8s4 FUEL TANK NO.4
33T  TANGENTIAL
4735 324 T60
314
294
41506 284 $+59
1441— 274
1319 hd 261
. 254 58
. 23+
' 57
21 4_72 -1 [o] A 2
+979
, 201 . LOX TANK NO.I FUEL TANK NO.|
RADIAL RADIAL
Tees T B >T 9 119
757
! 41
!
1
i Hig
g 3l
!
E
! 16 4
2._
|
220""_'_I89 1+ 1.45
e o e s S |
o5 1936 L ! |4.L - =l [o] i 2
(P-P) -2 -1 0 14 .2
Lo
et
-4 =3 -2 -I o . 2 .3 a4
ACCELERATION 6'S (P-P)

MTP-P&VE-S- 62-3

FIGURE 27. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: 10 SECS.
MODE: 2M BENDING

FITCH FREQUENCY: 6.94 CpS
DAMPING FACTOR (9)=2.87% @33
SUSPENSION: 2N
MISSILE
STATIONS, INS. —— PICK-UP NO'S
Tie5i 5]
344
T'854 ! FUEL TANK NO.4
33T TANGENTIAL
41735 — 321+ 60
] 314
1562 20
+1506 28} 59
27+
1319 26t
! 254+ 58
* | 234
57
2"32 -1 [o] N
+979 ‘
( 201 LOX T6ANK NO.I FUEL TANK NO.I
RADIAL RADIAL
1 L |
869 M ] 5 9 19
4
! 18
. 3
16
2.
223—;439 » |4 6 IS
1950 LBS . 1 44 -2 =1 0 I .2
495 ===
(P-P) i .2
i IPS
L L i I ) L 1 i |
L am— o T T + T ) T 1
-4 -3 -2 ~-i (o] | 2 3 4

ACCELERATION G'S (P-P)’
MTP- PGVE-S- 62-3

FIGURE 28. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: 10 SECS.
MODE: ¢ 382BENDING; FUEL *|, 2% BENDING

_PITCH FREQUENCY: 954 ¢
DAMPING FACTOR (9)x1.56% @ 16
SUSPENSION: 2N
MISSILE '
STATOONS, INS. PICK- UP No's
-r195l 35.r
344
T'854 FUEL TANK NO.4
331+  TANGENTIAL
41735 32 4
3 -
1616 —
291
41506 281
27
261
+1319
25+
1210 —
' 234
21 §
4979
201 LOX TANK NO.| FUEL TANK NO.!
RADIAL RADIAL
1 = 1
869 = - 5 g ag 19
735—
4.-
st 18 T
3.-
+7 +i6
2--
304
4189 l I+ +6 15
| -
~ ! igd -2 =l 0 I .2
T I?:?PL I ’ ‘ — .
) -2 =l (o] ] 2
Lo
———t———t——
-4 =3 =2 ~-lI o . 2 3 4
ACCELERATION G'S (P-P)
: MTP-P&VE-S-62-3
FIGURE 29. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: 10 SECS.
MODE . ¢ 38 BENDING; LOX® |, 2 BENDING

PITCH FREQUENCY: 10.12 CPS
DAMPING FACTOR (9):2.47% @7
SUSPENSION: 2N
MISSILE '
STATIONS, INS. — PICK- UP NO'S
11951 35J.
344
1854 FUEL TANK NO.4
33T  TANGENTIAL
+i735 32+ ]
314+
1638 ¢
294
""|5°6 28"
277
1339 d 26t
$131 4
319 r 254 58
) 23+ /
4
| I
21 __:2 -1
+979
20+ LOX TANK NO.I FUEL TANK NO.I
Loso | 5 RADIAL RADIAL
i 1—9 T19
. 4+
600— ‘ T8 T18
3.
2.
254 —
{4 15
T —
89 I |
1874 LBS X 144 4o
T957(%p)
)
L =1 i L i L =L e d
r L] L] 1 L L L] T L]
-4 -3 -2 -I o -2 3 4
ACCELERATION G'S (P-P) :
MTP-P&VE-§-62-3
FIGURE 30. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: 10 SECS.
MODE: 382 BENDING

PITCH FREQUENCY: 11.96 CPS -
DAMPING FACTOR (9 )=1.48% @ 35
SUSPENSION: 2N

MISSILE
STATIONS, INS. — PICK-UP NO'S
TI95! 354
34-/
Ties4 FUEL TANK NO.4
H 133 TANGENTIAL
+1735 1 e 32¢ 60
314
1611 —
29+
+1506 20l
274
1319 267
) 254 58
I 234
57
- 21 2 =i 0 i 2
999 ..o \\
| 20+  LOX TANK NO.! FUEL TANK NO.|
. L—— - 5 RADIAL RADIAL
1 T 9-Vl 19
4+
580 -8 18
34
i 74 16
2-.
'8-,_-_|89 J) "' 6' |5
1887 LBS | K 141 =2 -t 0 4 .2
1% (P-P) -2 -1 0 4 .2
Lo Qd:
i 1 '\ 1 Il 1 i 1 }
r T T T T 1 T T 1
-4 -3 =2 -1 [o] ] 2 3 E )

ACCELERATION G'S (P-P)
MTP- P&VE-S- 62- 3

FIGURE 31. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: 35 SECS.
MODE : 18 BENDING

PITCH FREQUENCY: 2.68CpS
DAMPING FACTOR (3)=116 % @ 35
, SUSPENSION: 2
MISSILE
STATIONS, INS. — PICK-UP No's
195! 351
344
T'854 FUEL TANK NO.4
! 33T  TANGENTIAL
41735 32+ 60T
314
294
41506 281 59 1
1431 — 271
: 26+
11319 : +
25+
E 231
bt —t—+—
2|_P72 -1 [o] 42
1979
, 201+ LOX TANK NO.t FUEL TANK NO.1
l RADIAL RADIAL
1869 T a 5+ or ‘9 T
- 4__
‘ 8t 18 +
i
1 3.-
74 4
382 —
2--
4 1+ + +
189 — 4
' |4_L <2 =l o A .2
oo RS ——t
L‘ -2 =i [o] A 2
Lo
L L i i i 1 } 1 }
Lo ¥ T T Ll T ¥ T L)
-4 -3 -2 -lI o} } 2 3 4

ACCELERATION G'S (P-P)
MTP- P&VE-S- 62-3

FIGURE 32. LATERAL BENDING MODES (PLTCH PLANE)




47

TANKS: 35 SECS.
MODE: MTCLUSTER

PITCH FREQUENCY: 4.66 CPS
DAMPING FACTOR (9)=-2.83% @ 35
SUSPENSION: 2
MISSILE ‘
STATIONS, INS. PICK-UP NO'S
TIQSI 35.L_
344
<1854 FUEL TANK NO.4
331  TANGENTIAL
<1735 324
314
622
294
11506 r 284
] 27+
° 264
+i319
254
| 234 i
212 w0 a4 2
+979
, 20+ LOX TANK NO.I FUEL TANK NO.{
RADIAL RADIAL
1869 = +
5 \»9 \vl9
X 4+
8+ 18 +
34
7+ 16 1+
2-.
+189 J A |+ /-6 /-15
los 2097!..33_ ' |44-L , , -.2l ~-I (o] | 2
T r 1
(P-P) -2 -.'l [¢] i .2
40 EZL
1t
-4 -3 -2 -~ o A 2 3 a
ACCELERATION 6'S (P-P)

MTP-P&VE-S-62-3

FIGURE 33. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: 35 SECS.
MODE: 2% CLUSTER

PITCH FREQUENCY: 6.12CPS
DAMPING FACTOR (9»2.09% ® 35
SUSPENSION: 2
MISSILE '
STATIONS, INS. —_ PICK-UP NO'S
T‘I95| 35J.
344
11854 FUEL TANK NO.4
33+  TANGENTIAL
41735 . 32t T
314
1591—
29+
+1506 284 h
27+
264
11319 } |
25+
! 231+
1
—+—
2'__:2 -l [+]
+979
204+ LOX TANK NO.| FUEL TANK NO.!
Loss 5 RADIAL RADIAL
= T 19 T®
774 Y
‘ at \
t8 {18
3--
, 74 16+
2..
24—
+189 It de w15
i p—t— At
2113 LBS ' J -2 =l [ | 2
Tos BEL g S SR
-2 =t o] A 2
_.;o
1 i 1 1 L /| 1l d
r Ll 14 T T 1] Ll 1
-4 -3 -2 o J° 2 3 4
ACCELERATION G'S (P-P)

MTP-P&VE=-S-52-3

FIGURE 34. LATERAL BENQING MODES (PITCH PLANE)
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TANKS: 35 SECS.
MODE: 2@ BENDING

PITCH FREQUENCY: 8.36 CPS
DAMPING FACTOR (9):1.04% ®35
SUSPENSION: 2
MISSILE
STATIONS, INS. PICK- UP NO'S
T'SSI ‘
T'8s4 FUEL TANK NO.4
TANGENTIAL
41735 60T
1570 —
294
1506 r ‘ 284
27+
+i3i9 | 26¢
i 254
1217 —
e 234
21 42
4979
' 20+ LOX TANK NO} FUEL TANK NO.I
. RADIAL RADIAL
+869 - ! t
" | 5 S 9T
. 4+
|
’ 8t 18 +
|
f 3t
i
I +7 16+
318 — | 2T /
4189 J M 1+ 64 15T
! Pt
-:.95 z?:_'Pl;BSJ |44.'L ; ' -.2{» =t [+ { 2
-2 =l 0 & .2
Lo gé
—_ 'l i | L L L [ d
r i 4 T T T T T T 1
-4 =3 -2 -i ] [} 2 3 4

ACCELERATION G'S (P-P)
‘ MTP-P&VE-S-62-3

"FIGURE 35. LATERAL BENDING MODES (PITCH PLANE)
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L

TANKS: 35 SECS.
MODE: 389 BENDING-ENGINE

PITCH FREQUENCY: [0.72Cps
DAMPING FACTOR (9):2.35% @ 35
SUSPENSION: 2
MISSILE
STATIONS, INS. — PICK- UP NO'S
195! 35+
344
T1854 FUEL TANK NO. 4
33T  TANGENTIAL
+1735 327 Te°
314
1584— \
1 } 28+ +
1506 1 r 284 59
27+
1319 + 26y
i i 25+ 587
1160 — ® 234
' 57-{
—t—
21 __'.2 -1 0 . 2
4+ 979 .
S— 204+ LOX TANK NO.I FUEL TANK NO I
aco 5 RADIAL RADIAL
— w T9 - 19
4+
638 —
+8 -8
34-
7 16
2_.
237 —
4-189 |+ 6 H15
. I —tt—tA
2113 LB ‘ | 44 -2 =i o 2
195 5o Tt
(P-P) | 2 -l 0 I 2
Lo
—t
-4 -3 -2 -I o . 2 .3

ACCELERATION G'S (P-P

MTP-P&VE-S-62-3

FIGURE 36. LATERAL BENDING MODES (PLtCH PLANE)
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PITCH

MISSILE
STATIONS, INS.

-[- /]
+1854

+I1735

1587—

+1319

1196—

+ 979

T869

604—

272

4189

2032
95 ~(p-p)

Lo

—_

TANKS : 35 SECS.

MODE: 380 BENDING

FREQUENCY: I11.62 CPS

DAMPING FACTOR (3)=1.75% @ 35
SUSPENSION: 2

— PICK-UP NO'S
354

FUEL TANK NO.4
33T  TANGENTIAL

4 -4 I

L T

-4 -3

¥ ¥ T

: P
T —
-2 - 0 } 2 3

ACCELERATION G'S (P-P)

4
—
4

r19

201+ LOX TANK NO.I FUEL TANK NO.|
RADIAL RADIAL
= 54
\"9
a4t
a-u-
34
4\-7
24
14 {6
) '44.L . . -.2‘ =1
¥ T * 1
-2 =i ] 1 .2

MTP-P&VE-S-62-3

FIGURE 37. LATERAL BENDING MODES (PITCH PLANE)
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TANKS : Q max
MODE: 8T BENDING
PITCH FREQUENCY: 2.83 CPS
DAMPING FACTOR (9)= 2.27% @ 35
SUSPENSION: 3

MISSILE
11951 35 _JP
344
1858 FUEL TANK NO. 4
: 331+  TANGENTIAL
+1735 324 601
3i 4
+1506 gg: 59 1
27+
1399 —
] 26+
+1319 254 58 -
CALCULATED—]
f=22.15¢cps
234
1 571
: -2 =1
{ 21 &
+979 : ¢
20+ LOX TANK NO.I FUEL TANK NO.I
Lees 5 RADIAL RADIAL
B 9T 191
: 4+
8t 8 1
7 3+
L 7+ 16+
/ Al
294 — A
7Y .
+189 ( k: 14 T+6 *t 15
LBSQA ! L 2 o 4 .2
! A - =l . .
19582 - A+
(P-P)
-2 =i 0 K| 2
-0 @ LANGLEY TEST POINTS
1 i 1 1 L 1 1 b £ 2,66 cps
Lo T Ll T T L T T 1
-4 =3 -2 -l (o] | 2 3 4

ACCELERATION G'S (P-P)
MTP-P&VE-S- 62-3

FIGURE 38, LATERAL BENDING MODES (PITCH PLANE)
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TANKS: Q MAX
MODE: I8 CLUSTER
PITCH FREQUENCY: 5.68 CpS
DAMPING FACTOR (9)=2.41% @ 35 .
SUSPENSION: 3
MISSILE
STATIONS, INS. —PICK-UP NO'S
T1951 asd
344
11854 FUEL TANK NO.4
331  TANGENTIAL
41735 1 324
314
1584 —
1 291-
1506 28l
274
26+
+1319
25+
p 234
! 21 ¥
+979 .
20+ LOX - TANK NO|I FUEL TANK NO.I
| g6 s RADIAL RADIAL
M i ] ] \«9 \ 19
|
! al
|
‘ 8t 18 +
i
i 3+
{
‘ 7+ 16 1+
|
| /
4189 'J I+ {‘ 6 T15
» ] bt
| LB ! 144 -2 -l o . 2
R I 1
(P-P) -2 =i (o] ] 2
Lo
F———+— —+—
-4 -3 -2 -I o] 2 3 4

ACCELERATION G'S (P-P)

MTP-P&VE-S-62-3

FIGURE 39. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: Q max
MODE: 2 CLUSTER
PITCH FREQUENCY: 7.83 CPS
. DAMPING FACTOR (9)=152% ® 35, 2.5|1% ® 3
SUSPENSION: 3
MISSILE
STATIONS, INS. ——— PICK-UP NO'S
T195I 354»
34t
11854 FUEL TANK NO.%
3317  TANGENTIAL
11735 2+ 607
314
1555 —
29+
41506 281
27+
26+
41319 §
25+
CALCULATED
F=6.82 cps M
; 234
57
b t———t—o
1025 — 21 1_72 - 0 . 2
4979
20+ LOX TANK NOI FUEL TANK NO.I
RADIAL RADIAL
+869 - : - 9
!
‘;
!
|
|
i
|
|
|
}
/
/
1 A4
171 —1189 )
1945 LBS '3
- v ——
P-P)
T # LANGLEY TEST POINTS
-ttt 2nd BENDING
-4 =3 -2 -1 0 .1 2 3 4 €772 cps

ACCELERATION G'S (P-P)
MTP-P&VE-S- 62-3

FIGURE 40. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: Q MAx
MODE: ENGINE
PITCH FREQUENCY: 10.46 CPS
DAMPING FACTOR (9)-1.29% @5
SUSPENSION: |
MISSILE
STATIONS, INS. _PICK-UP NO'S
T1951 354
3q4
T854 FUEL TANK NO.4
33T  TANGENTIAL
41735 324 T60
314
1620 —] \
i j 29+ 1
1506 281 59
| 271
1 26+
41319 L
251 58
1208 —
23+
57i
b 21 0:2 -1 o] A 2
4979
l 20+ LOX TANK NO{I FUEL TANK NO.I
569 = 5 RADIAL RADIAL
n a ] T—s T19
b 44
8 - 18
3+
-7 16
24
267
__lbg A I+ 6* 15
1983 LBS ¥ 144+ =2 =l o Ja 2
195 ~p-p) 1 —t—t——
‘ -2 =i (o] R .2
4o ,
i 1 i i Il 1 j - Jl ']
r T T 1 T T T 1
-4 -3.-~2 -t o . 2 3 4

ACCELERATION G'S (P-P) :
MTP- P&VE-§- 62- 3

FIGURE 41. LATERAL BENDING MODES (PITCH PLANE)
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PITCH

MISSILE
STATIONS, INS.

T195!

11854

+1735

1669 —

i+

1506

+1319

1012~
+979

T869
798 —

282

+189
1951 LBS

4

TANKS: Q Max

MODE: 388 BENDING

FREQUENCY: 12.3 CPS

DAMPING FACTOR (9)=1.36% @ 35
SUSPENSION: 3

- PICK- UP NO'S
35l-

34l
FUEL TANK NO.4
33T  TANGENTIAL

324 K
314

29+
28] %9
27+

+

26+

25+

234

21 2 = o a4 .2

20+ LOX TANK NO.! FUEL TANK NO.i

r.

RADIAL RADIAL

AT T

19

95 "(p-P)

4o

-4 -3 -2

L]

(o]

1
| 2 3 4

ACCELERATION G'S (P-P)

MTP-P&VE-S-62-3

FIGURE 42.

LATERAL BENDING MODES (PITCH PLANE)
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PITCH

MISSILE
STATIONS, INS.

11951

11854

41735

+ 1506

CALCULATED
1402 — £=2.52cps

11319

TANKS: EMPTY
MODE: 15T BENDING
FREQUENCY: 2.95 CPS

DAMPING FACTOR (3)=2.41% ® 35

SUSPENSION: 3N

351

33 TANGENTIAL
321l 6oy
°31 4
+29
+28
27+
26+
25+
234
57 -+
——t—+—
21 ‘_:2 =1 [o]

20+ LOX TANK NO.I

_RADIAL

\'9

—— PICK-UP NO'S

® .
FUEL TANK NO.4

FUEL TANK NO.I
RADIAL

1971

223 —
N
1189 N\
1910 LBS 14+ :
195 —t—
7 PP) -2 =t 0 1 .
-0 ! & LANGLEY TEST POINTS
- f*2.66cp8
-4 -3 -2 -1 0 .U 2 3 4

ACCELERATION G'S (P-P)
; MTP-P&VE-S-62-3

FIGURE 43. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: EMPTY
MODE: 2% BENDING

PITCH FREQUENCY: 9.79 CPS
DAMPING FACTOR (9)=1.82% @ 35
SUSPENSION: 3N
MISSILE
STATIONS, INS. —— PICK-UP NO'S
T195! 35J.
344
1854 FUEL TANK NO.4
¢ 33T  TANGENTIAL
11735 ; 321 807
34
1606 —
294
+1506 281 59 1
274
1319 26
251 58 A
1242 — \\
CALCULATED — ) 23+
£ =9.45cps \ 57
\ bt
\ 2 -
21 42 -
1979 R
— \ 207 LOX TANK NOI FUEL TANK NO.I
1 \ | RADIAL RADIAL
869 =T 1 5 QT o -
} \
| \
I 4] \
/ i l
/ 8t ' s +
14 4
/ ]
3r I
/ !
7+ 16 + 4
27 /]
W/ /
k’{ ¥ /
+189 v I+ 6¢t s ¢
1724 / —t—t—
g9 Les | ¢ & 14l =2 = 0 a2
T95 P-P) | —t—t—+
; -2 =1 0 4 .22
Lo ' # LANGLEY TEST POINTS
—t—t 8.9 cps
-4 -3 -2 -lI [o] A 2 .3 4
: ACCELERATION G'S (P-P)
L. , MTP- P&VE-S- 62-3

FIGURE 44. LATERAL BENDING MODES (PITCH PLANE)
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TANKS: EMPTY
MODE: 1sT BENDING, FUEL® |

PITCH FREQUENCY: 12.14 CPS
DAMPING FACTOR (9)=155% @ 35
SUSPENSION: 3N
MISSILE
STATIONS, INS.  PICK-UP NO'S
195! 1
i : 35
344
T'854 FUEL TANK NO 4
33+ TANGENTIAL
+1735 o 324 GOT
314
1595—
: 29+
- 1506 28l 59 4
27+
1319 26+
25l 58 1
231
57 .
2042 0 a2
9581 979
20+ LOX TANK NO| FUEL TANK NO.i
RAD!
Lgeo = sl DIAL RADIAL
‘ ‘-9 ‘-19
i
. 44
3 8+ 18 1+
532 — sl
! 7+ 16+ .
|
| 21
!
1
|
4189 A p. I+ 6 151
i ————
| B : 144 =2 =l 0 ua .2
Los 94? LBS | L ' ' |
(P P) -2 - 0 | 2
+o0
1 ] 1 1 i 1 i i Jd
~ 1 T 1 L T T T Ll
-4 -3 -2 -l [o] A 2 .3 4
ACCELERATION G'S (P-P)
MTP-P&VE-S- 62-3
FIGURE 45. LATERAL BENDING MODES (PITCH PLANE)
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TANKS : LIF T-OFF
VAW MODE - 13T BENDING
2 FREQUENCY: 2.19 CpS
DAMPING FACTOR (9):4.53% @ 35
SUSPENSION: 6
MISSILE
STATIONS, INS. — PICK-UP NO'S
TIQSI - 351
|
- 1854
] ! 33+
- 1735
| !
; SIJ:—
1 1
+ 1506 29+
27+
1339319
23+
+979
SE— 20+ LOX TANK NO4 FUEL TANK NO.4
L ses 5 YAW Yaw
T i 97 19
S
i
|
380
+189 = ' 6T
, Pt
1854 LB. i 14 -2 =1 0 4 2
T957(p-p) — 4
Zﬂ =2 =i [o] A .2
Lo
F—t—t—t—t—t—t—t+
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FIGURE 46. LATERAL BENDING MODES (YAW PLANE)
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TANKS: LIFT-OFF .
MODE: FUEL* | (TANG.)- IST BENDING

JYAW FREQUENCY: 2.88 CPS
DAMPING FACTOR (§)=2.34%® 35
SUSPENSION: 6
MISSILE
T195! 35.[_
+ 1854
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FIGURE 47. LATERAL BENDING MODES (YAW PLANE)
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TANKS : LIF T-OFF
MODE: 1T CLUSTER

YAW FREQUENCY: 3.9CPpS
DAMPING FACTOR (9):2.990 8
SUSPENSION: 6
MISSILE
STATIONS, INS. — PICK-UP NO'S
T 1951 354
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FIGURE 48. LATERAL BENDING MODES (YAW PLANE)
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TANKS : LIFT-OFF
MODE: 280 CLUSTER

YAw, FREQUENCY: 5.5 CPS
DAMPING FACTOR (9 )-1.8% @ 35
SUSPENSION: 6
MISSILE
STATIONS, INS. PICK-UP NO'S
T 195! sl
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FIGURE 49. LATERAL BENDING MODES (YAW PLANE)
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TANKS : LIFT-OFF
MODE: 2% BENDING

YAW. FREQUENCY: 6.8 CPS
DAMPING FACTOR (9)=1.07% ® 35
SUSPENSION: 6
MISSILE
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FIGURE 50. LATERAL BENDING MODES (YAW PLANE)
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TANKS : LIFT-OFF .
MODE: ¢ 382 BENDING; ENGINE

YAW FREQUENCY: 9.34 CPS
DAMPING FACTOR (9)=4.0% @ 48
SUSPENSION: 6
MISSILE
STATIO—NS, INS. — PICK-UP NO'S
T 1951 354
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"F '735 I
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FIGURE 51. LATERAL BENDING MODES (YAW PLANE)
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TANKS: LIF T-OFF
MODE: 322 BENDING

AW FREQUENCY: 11.7 CPS
DAMPING FACTOR (9)=1.18% @ 35
SUSPENSION: 6
MISSILE
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.\“" 195! 354
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FIGURE 52. LATERAL BENDING MODES (YAW PLANE)
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TANKS: 10 SECS.
MODE: I BENDING

YAW FREQUENCY: 2.32 Cps
DAMPING FACTOR (9)=171%® 18
SUSPENSION: 6
MISSILE
STATIONS, INS. — PICK-UP NO'S
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MTP-P&VE-S- 62-3

FIGURE 53. LATERAL BENDING MODES (YAW PLANE)
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TANKS: 10 SECS.
MODE: FUEL TANK * |

AW FREQUENCY: 3.03 CPS
DAMPING FACTOR (3)- 2.88% ® 48
SUSPENSION: 6
MISSILE
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FIGURE 54. LATERAL BENDING MODES (YAW PLANE)
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TANKS - 10 SECS. .
MODE: 18T CLUSTER

YAW FREQUENCY: 4.02 Cps
DAMPING FACTOR (§)=2.0% @18
SUSPENSION: 6
MISSILE
STATIONS, INS. — PICK-UP NO'S
T 195! 351
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FIGURE 55. LATERAL BENDING MODES (YAW PLANE)
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TANKS: 10 SECS.
MODE: 2¥ CLUSTER

AW FREQUENCY: 5.78 CpS
DAMPING FACTOR (9 )=2.14% @ 35; 0.146% ®16
SUSPENSION: 6
MISSILE
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FIGURE 56. LATERAL BENDING MODES (YAW PLANE)
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TANKS : 10 SECS.
MODE: 240 BENDING

YAW FREQUENCY: 7.1 CpS
DAMPING FACTOR (9):0.982% ® 35
SUSPENSION: 6
MISSILE
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FIGURE 57. LATERAL BENDING MODES (YAW PLANE)



TANKS : 10 SECS. :
MODE: ¢ 38 BENDING-FUEL * 4 (TANG.) 248 BENDING

YAW. FREQUENCY: 10.0 CPS
DAMPING FACTOR (9 )=.606% @ 17
SUSPENSION: 6
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FIGURE 58. LATERAL BENDING MODES (YAW PLANE)
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TANKS - 10 SECS.
MODE: 38 BENDING

YAW FREQUENCY: 12.0 CpS
DAMPING FACTOR (g ):3.12% @ 35; 1.8% @ I8
SUSPENSION: 6

MISSILE
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FIGURE 59. LATERAL BENDING MODES (YAW PLANE)
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TANKS : 35 SECS.
MODE: 18I BENDING

YAW. FREQUENCY: 2.63 CPS
DAMPING FACTOR (g )= 3.62% ® 35
SUSPENSION: 6
MISSILE
STATIONS, INS.  PICK-UP NO'S
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FIGURE 60. LATERAL BENDING MODES (YAW PLANE)




75

TANKS : 35 SECS.
MODE: %1 CLUSTER

YAW FREQUENCY: 4.73 Cps
DAMPING FACTOR (9)=371% @ |4
SUSPENSION: 6
MISSILE
STATIONS, INS. PICK-UP NO'S
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FIGURE 61. LATERAL BENDING MODES (YAW PLANE)
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TANKS : 35 SECS.
MODE: 2MCLUSTER

YAW FREQUENCY: 6.26C
DAMPING FACTOR (J)=2.56% @ 33
SUSPENSION: 6
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FIGURE 62.

LATERAL BENDING MODES (YAW PLANE)
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TANKS : 35 SECS.
MODE: 2w BENDING

AW FREQUENCY: 8.52 CpS
DAMPING FACTOR (9 )= 0.864% @ 35
SUSPENSION: 6
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FIGURE 63. LATERAL BENDING MODES (YAW PLANE)
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TANKS : 35 SECS.
MODE: ENGINE

YAW, FREQUENCY: 111CPS
DAMPING FACTOR ()
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FIGURE 64, LATERAL BENDING MODES (YAW PLANE)
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TANKS© 35 SECS.
MODE: 382 BENDING 8 CLUSTER

AW FREQUENCY: 11.48 CpS
DAMPING FACTOR (9)=2.03% @ 33
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FIGURE 65. LATERAL BENDING MODES (YAW PLANE)
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TANKS : 35 SECS.
MODE : 382 BENDING

YAW FREQUENCY: 12.7CpS
DAMPING FACTOR (§):2.7% ®5
SUSPENSION: 6
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FIGURE 66. LATERAL BENDING MODES (YAW PLANE)




TANKS : Q max
MODE: 191 BENDING

YAW, FREQUENCY: 2.89CPS
DAMPING FACTOR (9 ):2.48% ® 35
SUSPENSION: 8
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FIGURE 67. LATERAL BENDING MODES (YAW PLANE)



TANKS : Q wax
MODE : IXTCLUSTER
AW FREQUENCY: 5.75 CPS
DAMPING FACTOR (9):45% ® 35-6.5% ®18
SUSPENSION: 8
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FIGURE 68. LATERAL BENDING MODES (YAW PLANE)
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TANKS : Q max

MODE: 2w CLUSTER
AW FREQUENCY: 7.79 CPS
DAMPING FACTOR (F)=193% @3
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FIGURE 69. LATERAL BENDING MODES (YAW PLANE)
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TANKS : Q MAX
MODE: ENGINE
YAW FREQUENCY: 10.8 CpS
DAMPING FACTOR (9)
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FIGURE 70. LATERAL BENDING MODES (YAW PLANE)
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TANKS : Q max
MODE: 3% BENDING

JAW FREQUENCY: 12.28 CpS
DAMPING FACTOR (9 )=1.615% ® 35
SUSPENSION: 8
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FIGURE 71. LATERAL BENDING MODES (YAW PLANE)
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TANKS : EMPTY
MODE : 15T BENDING

JAW, FREQUENCY: 3.045 CPS
DAMPING FACTOR (9)=5.0% @35
SUSPENSION: 8
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FIGURE 72. LATERAL BENDING MODES (YAW PLANE)
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TANKS - EMPTY

MODE : 2 BENDING
YAW FREQUENCY: 9.84
DAMPING FACTOR (9)= 3.83% 835
SUSPENSION: 8
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FIGURE 74. LATERAL BENDING MODES (YAW PLANE)
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FIGURE 75. TORSIONAL BENDING MODES
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FIGURE 76. TORSIONAL BENDING MODES
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FIGURE 77. TORSIONAL BENDING MODES
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APPENDIX

PREDICTED SUSPENSION CABLE CHARACTERISTICS FOR SA-D5 DYNAMIC TESTS

The curves plotted in FIGURE A-l show the predicted first

and second vehicle resonant bending frequencies (the ordinate) together
with expected cable frequencies versus cable tension for various time
conditions and suspension systems (four or eight lifting points). The
cable frequencies are seen to go above both the first mode at all cond-
itions and all the second modes, except with an empty booster. This
large increase in cable frequency is created by having the lower connect-
ing link fastened rigidly to the vehicle becoming an integral part of the
tail assembly, thereby shortening the cable and decreasing the effective
moving cable weight, the former having the greatest influence in raising
the frequency.

In the event that some cable frequencies coincide with vehicle
resonant bending frequencies because of the inability to predict the
multitude of resonant points existing in this frequency range a device,
referred to as a cable flexure, can be installed near the midpoint of
each cable. Cable flexures are made so as to rigidly fix the midpoint
of the cable in a radial -and tangential direction but have negligible
effect on the lateral stiffness of the overall suspension system. This
makes it possible to tune the cable resonant frequency away from a
vehicle frequency.

A short test program was conducted using cable flexures on the
SA-D1 test setup. It was found that the flexures were capable of raising
the cable frequencies approximately 0.5 cps with negligible effect on the
gain through t vehicle. This frequency change would be sufficient to
remove the effects of cable resonance on vehicle resonance because both
vehicle and cables have very sharp resonant peaks and narrow band widths
of excitation.

Cable frequency response curves plotted in FIGURE A-2 show
both the increase in frequency and decrease in cable amplitude from a
test without flexures to a test using them.
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Rate gyro output, with and without cable flexures, for three
locations on the vehicle and an average increase in response of 3.0
percent is found with the flexures are given below,

RATE GYRO OUTPUT VS VEHICLE STATION
WITH AND WITHOUT CABLE FLEXURES

RATE GYRO OUTPUT degrees/sec/1b.
RATE GYRO W/0 FLEXURES WITH FLEXURES
STATTION f - 2.946 cps f - 2.953 cps
100 8.65 x 1074 9.23 x 1074
940 5.5, x 1074 5.64 x 1074
1765 10.28 x 1074 10.26 x 1074

Cable flexures of a known spring constant would be used and their

effect on the entire suspension system could be evaluated mathematically,
if it became necessary.
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